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Abstract. We review recentresultsof B
���

masses,massandlifetime of B
�
c meson,andlifetimesof B0

s andΛ0
b hadronsfrom

TevatronRunII.
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INTRODUCTION

Measurementof massesandlifetimes of the B hadronsprovidesimportanttestof many theoreticalmodels.Heavy
QuarkEffectiveTheory(HQET) givespredictionson massspectraof orbitally excitedB states[1], andHeavy Quark
Expansiontechnique(HQE) calculateslifetime differencesamongdifferentB hadrons[2]. Themassof B

�
c mesonis

alsopredictedby lattice QCD calculation[3]. Measuringthesequantitiesgivesvery goodtestof varioustheoretical
predictions.TheTevatronRun II is a greatplaceto studytheseB hadronproperties.Since2001,Tevatrondelivered
about1.5 fb � 1 of pp̄ collision dataat

�
s � 1 	 96 TeV up to February2006.Both the CDF andD/0 detectorshave

excellentmassandlifetime resolution,andvarioustriggersinstalledto measureB hadronpropertiesin many aspects.
CDF hasa displacedtrack triggerwhich capturesB eventsby triggeringon trackswith largeimpactparameter. And
both the CDF andD/0 have leptontriggers,which capturesingleor di-leptonevents.The single leptontriggersare
optimizedto capturesemileptonicB decays,anddi-leptontriggerfindsB signalsassociatewith J 
 ψ or ϒresonances.
Thanksto largeb productionratesat the pp̄ collisionandtheexcellenttriggers,theTevatronhaveworld’s largestB ��� ,
B
�
c , B0

s andΛ0
b samples.In this documentwe summarizelatestresultson orbitally excited B states,B

�
c properties,

andlifetimesof B0
s andΛ0

b hadronsreportedby CDF andD/0 in TevatronRunII. Chargeconjugatestatesarealways
implied thoughoutthis text.

ORBITALLY EXCITED B MESONS

Thegroundstatesof b̄q systemarethepseudoscalarandvectorstates,which have orbital angularmomentumL � 0
andtotal spin S � 0 or 1. If we considerstateswith L � 1 andcombineit with spin S � 0 or 1, four differentstates
will beallowedwith JP � 0

��

1
�

, 1
�

or 2
�

. Theseorbitally excitedstatesarecalledasB �0, B �1, B1 andB �2 respectively,
anddecayto L � 0 stateswith stronginteraction.TheB �0 andB �1 statesdecayvia S-wave andthushave broadwidth
( � 100MeV/c2). Dueto suchbroadwidth, thesestatesarenotyetobservedexperimentally. Ontheotherhand,theB1
andB �2 statesdecayvia D-waveandhavenarrow width.

Both theCDFandD/0 experimentsprovidethemassmeasurementof B1 andB �2 statesusingdatafrom theTevatron
RunII. CDFreconstructsB

�
signalusingtwo differentdecaymodes,B

���
J 
 ψK

�
andB

���
D0π

�
in thedatasize

of 370pb� 1 [4]. ThentheB
�

candidateis combinedwith anegativelychargedtrack,andmassdifferenceis calculated
asQ � M � B � π����� M � B � ��� M � π ��� . Spectraof the massdifferencefor two differentB

�
decaymodesareshown

in Figure1. Peaksobservedin thespectraareoriginatedfrom threedifferentdecaysof orbitally excitedB states.By
fitting thesespectrawith signalandbackgroundtemplates,massesof the B1 andB �2 statesaremeasured.Thesignal
templateis assumedasnon-relativistic Breit-Wignerfunctionconvolutedwith detectorresolution.At thefit, width of
theB1 andB �2 statesarefixedto bea theoreticallypredictedvalue.As a resultof thefit, massesareobtainedto be

M � B1 ��� 5734� 3 � stat 	���� 2 � syst 	�� MeV 
 c2

M � B �2 ��� 5738� 5 � stat 	���� 1 � syst 	�� MeV 
 c2 	
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FIGURE 1. Spectraof massdifferencewith two different B
�

decaymodesmeasuredat the CDF in Tevatron Run II. Left:
B
�0/

J 1 ψK
�

sample,Right: B
�2/

D0π
�

sample.

TheD/0 alsomeasuresthemassesof B1 andB �2 statesusingfully reconstructedB
���

J 
 ψK
�

samplein thedataof
1 fb � 1 [5]. Thespectrumof massdifferencebetweenB

�
π� andB

�
systemis shown in Figure2 left plot. By fitting

thespectrumof massdifference,themassof B1 andmassdifferencebetweenB �2 andB1 statesaremeasuredas

M � B1 �3� 5720	 8 � 2 	 5 � stat 	 �4� 5 	 3 � syst 	 � MeV 
 c2 

M � B �2 �5� M � B1 �3� 25	 2 � 3 	 0 � stat 	 �4� 1 	 1 � syst 	 � MeV 
 c2 	

Width of thetwo narrow statesarealsomeasuredas

Γ � B1 �76 Γ � B �2 �8� 6 	 6 � 5 	 3 � stat 	��4� 4 	 2 � syst 	�� MeV 
 c2

assumingΓ � B �2 � andΓ � B1 � areidentical.
TheJP � 2

�
stateof the b̄s system,calledB � 0s2 , is recentlyobservedat D/0 [6]. TheB � 0s2 signalis fully reconstructed

usinga decaychainB � 0s2

�
B
�

K � , B
�9�

J 
 ψK
�

in 1 fb � 1 of data.A spectrumof massdifferenceQ � M � B � 0s2 ���
M � B � �5� M � K �8� is shown in Figure2 right plot. Themassof M � B � 0s2 � stateis obtainedto be

M � B � 0s2 �8� 5839	 1 � 1 	 4 � stat 	 �4� 1 	 5 � syst 	 � MeV
 c2 	
This is thefirst directobservationof theB � 0s2 state.

FIGURE 2. Spectraof massdifferencemeasuredat D/0 in dataof 1 fb : 1. Left : MassdifferencebetweenB
�

π: andB
�

. Right:
MassdifferenceamongB

�
K : andB

�
, K : system.



MASS AND LIFETIME OF B ;c MESON

The B
�
c mesonis a boundstateof bottomandcharmquarks.Sincethis is the only mesonwith two differentheavy

flavors, it can provide interestingtestsof sometheoreticalmodels.The B
�
c massis predictedby a lattice QCD

calculation[3], andthe lifetime is calculatedwith a non-relativistic expansion[7]. The B
�
c mesonis first observed

at CDF in TevatronRunI [8], andnow precisemeasurementof massandlifetime is givenby CDF in RunII.
TheB

�
c mesonmassis measuredusingfully reconstructedhadronicdecayB

�
c

�
J 
 ψπ

�
[9]. In 800pb� 1 of Run

II data,38.9of B
�
c candidatesarefound with significanceof about6σ . Left plot in Figure3 shows invariantmass

distribution of J 
 ψπ
�

system.Clearpeakfrom theB
�
c decayis observed.By fitting theinvariantmassspectrum,the

massof B
�
c mesonis obtainedto be

M � B �c ��� 6275	 2 � 4 	 3 � stat 	��4� 2 	 3 � syst 	�� MeV
 c2 	
Measurementof theB

�
c mesonlifetime is alsoperformedatCDFRunII usingsemileptonicdecayB

�
c

�
J 
 ψe

�
ν [10].

About 203of B
�
c candidatesareobtainedin 360pb� 1 of data.Figure3 right plot shows pseudo-properdecaylength

distribution definedasct �<� Lxy � B �c � M � B �c �=
 pT � J 
 ψe
� � , whereLxy � B �c � is a decaylengthof B

�
c mesonmeasured

in perpendicularplaneto the pp̄ beamaxis.By fitting thepseudo-properdecaylengthdistribution, theB
�
c lifetime is

measuredto be
τ � B �c �8� 0 	 463

�
0 > 073� 0 > 065 � stat 	���� 0 	 036� syst 	�� ps	

Theseresultsarecurrentlyworld bestandconsistentwith almostof theoreticalpredictions.
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FIGURE 3. Left : Thefully reconstructedB
�
c massspectrumwith theB

�
c
/

J 1 ψπ
�

decaymodeatCDF. Right : Pseudo-proper
decaylengthdistributionof thesemileptonicB

�
c candidates.

B HADRON LIFETIMES

The lifetimes of B hadronsare fundamentaland important observable. A theoreticalcalculationinvolving non-
spectatorB hadrondecaysgivesfollowing predictionsfor lifetime relations[2]:

τ � B � �K
 τ � B0 ��� 1 	 00 L 0 	 05 MN� fB 
 200MeV � 2
τ � B0

s �K
 τ � B0 ��� 1 	 00 � 0 	 01

τ � Λ0
b �K
 τ � B0 ��� 0 	 9 � 0 	 05

Measuringtheseratiosis a verygoodprobeto thenon-spectatordecaymechanism.Theratioof B
�

andB0 lifetime is
alreadymeasuredwith extremeprecisionby Belle, D/0 andBaBar[11], however for theB0

s andΛ0
b hadronsTevatron

is only theplaceto measuretheir properties.In RunII theTevatronhaveworld’s largestsamplesof thesehadrons.In
this sectionwe review recentresultsof theB0

s lifetime andlifetime differencebetweendifferentCP eigenstatesfrom
CDFandD/0, andthelatestΛ0

b lifetime resultprovidedby CDF.



Lifetime of Bs Meson

It is known that theB0
s andits antiparticleB̄0

s aremixedeachotherdueto secondorderweakinteraction,andform
two CP eigenstates.AssumingnoCP violationwith theB0

s mixing, theCP eigenstatesarewrittenasfollows:O
BsL P � 1
 � 2 � OB0

s P L O B̄0
s P �O

BsH P � 1
 � 2 � OB0
s P � O B̄0

s P �
Thesetwo stateshavedifferentmassandlifetimes,thenotationL, H means“Light” and“Heavy” massstates.Average
anddifferenceof decaywidth betweenthesestatesaredefinedasΓ �Q� ΓH L ΓL �=
 2,∆Γ � ΓH � ΓL, respectively. There
areseveralapproachesto determinelifetimesof the

O
BsL P and

O
BsH P states.Onemethodis measuring“flavor-specific”

lifetime usingfinal stateswith equalfractionsof
O
BsL P and

O
BsH P states.Theflavor-specificlifetime canbewrittenas

τ � B0
s � fs � 1

Γ
1 LSR ∆Γ

2Γ T 2
1 � R ∆Γ

2Γ T 2 	
Anotherwayis to measureτL � 1 
 ΓL usingB0

s

�
K
�

K � final statewhichis 95%originatefrom
O
BsL P . Thelastwayis

measuring∆Γ directly with B0
s

�
J 
 ψφ decaysseparatingCP-evenandoddcomponentswith angularanalysis[12].

In this sectionwereview recentresultsof theformertwo methods.
Theflavor-specificlifetime is measuredby bothCDF andD/0 in RunII usingvariousdecaymodes.CDF measures

theflavor-specificB0
s lifetime usingsemileptonicdecaychainsB0

s

�
D
�
s U � ν̄ ( U �V� e � 
 µ � ) collectedby singlelepton

triggers [13]. It provides high-statisticsand good S/N sample.Figure 4 shows D
�
s massplot associatingwith a

negatively chargedleptonandpseudo-properdecaylengthdistribution for the B0
s signalsample.Using about1150

of partially reconstructedcandidates,theB0
s mesonlifetime andtheratiowith τ � B̄0 � aremeasuredto be

τ � B0
s ��� 1 	 381 � 0 	 055� stat 	 � � 0 > 052� 0 > 046 � syst 	�� ps



τ � B0

s �=
 τ � B̄0 ��� 0 	 938 � 0 	 044� stat 	 � � 0 > 049� 0 > 046 � syst 	��W	
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FIGURE 4. Left:Invariantmassspectrumof reconstructedD
�
s mesonassociatingwith a leptonat CDF. Right:Pseudo-proper

decaylengthdistributionof theB0
s signalsample.

Theflavor-specificB0
s lifetime is alsomeasuredatCDFusingthefully reconstructedhadronicdecays,B0

s

�
D
�
s π �

or D
�
s π
�

π� π
�

in 360pb� 1 of data[14]. Thedataarecollectedwith thedisplacedtracktrigger. Thedisplacedtrack
triggergivesbiasto theB decaylengthdistribution, thereforethebiasis correctedusingMonteCarlosimulation.The
invariantmassesanddecaylengthdistributionsareshown in Figure5. In themassplotsonecanseetheB0

s signalpeak
well separatedfrom otherB components.By fitting themassanddecaylengthspectrasimultaneously, theB0

s lifetime
is obtainedto be

τ � B0
s �8� 1 	 60 � 0 	 10� stat 	��4� 0 	 02 � syst 	 � ps	
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FIGURE 5. Massanddecaylengthdistributionsfor B0
s
/

D
�
s π: 1 D �s π

�
π: π

�
decaymodesat CDF.

Other resultsof flavor-specificB0
s lifetime is provided by D/0 using the semileptonicdecayB0

s

�
D
�
s µ
�

ν [15].
Thanksto largebranchingfractionof semileptonicdecayandlow pT threshold( q 2 GeV/c) of muontriggerat D/0,
large numberof B0

s candidatesare collected.Figure 6 shows massspectrumof D
�
s associatingwith a muon,and

pseudo-properdecaylengthof theB0
s samplefoundin 0.4 fb � 1 of RunII data.Thelifetime is measuredas

τ � B0
s �8� 1 	 398 � 0 	 044� stat 	�� � 0 > 028� 0 > 025 � syst 	�� ps	

This is thecurrentworld’sbestmeasurementof theflavor-specificB0
s lifetime.
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The lifetime of
O
BsL P stateis measuredby CDF using the decayB0

s

�
K
�

K � [16]. Fractionsof backgroundB
componentsfrom B0

d

�
K
�

K �8
 π� K � areestimatedfrom theK
�

K � mass,Kinematics,andparticleID information.
Involving theestimatedbackgroundfractionsandshapesinto thefit, thelifetime of theB0

s

�
K
�

K � decayis measured
to be

τ � B0
s

�
K
�

K � �8� 1 	 53 � 0 	 18� stat 	 �4� 0 	 02� syst 	�� ps



andusingflavor-specificB0
s lifetime takenfrom theworld average,the∆Γ 
 Γ is foundto be

∆ΓCP 
 ΓCP � B0
s

�
K
�

K � �8�S� 0 	 08 � 0 	 23� stat 	 �4� 0 	 03 � syst 	��W	
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Lifetime of Λ0
b Baryon

Thelatestresultof theΛ0
b lifetime measurementis givenby CDFusing1 fb y 1 of data[17]. ThedecayΛ0

b z J { ψΛ0

is analyzedin the di-muon(J { ψ z µ | µ y ) trigger dataset,and542 of Λ0
b candidatesare fully reconstructed.The

reconstructedmassandproperdecaylengthof theΛ0
b areshown in Figure8. Thelifetime of Λ0

b is obtainedto be

τ } Λ0
b ~�� 1 � 593 | 0 � 083y 0 � 078 } stat � ~�� 0 � 02} syst � ~ ps�

andusingworld averagevalueof τ } B0 ~ , thelifetime ratio is obtainedto be

τ } Λ0
b ~ { τ } B0 ~8� 1 � 037 � 0 � 058�

Theseresultsarecurrentlyworld’s bestone.Thelifetime ratio τ } Λ0
b ~ { τ } B0 ~ is measuredto beabove1, which shows

about1.8σ discrepancy with theHQE prediction[2], anddeviatesabout3σ from thecurrentworld average[11]. It
couldgiveanimpactto thetheoreticalcalculation,howevermoreexperimentalinputswill beneededto concludethe
issue.
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CONCLUSION

TheTevatronis a greatplaceto studyvariousB hadronproperties.In TevatronRunII, boththeCDF andD/0 already
accumulatemore than1 fb y 1 of pp̄ collision data.Now the measurementsof orbitally excited B statemassesand
propertiesof the B |c mesonenterthe stageof precisemeasurement,and many interestingresultswith B0

s and Λ0
b

hadronsarebeingprovided.All of theseresultswill giveverygoodtestsof thevarioustheoreticalprediction.Updates
of severalanalysesareongoingwith theaccumulateddata,andmoreinterestingresultsareexpectedin nearfuture.
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